The objective of our study was to evaluate the association between peptidylarginine deiminase 4 (PAD4) concentration and its polymorphisms with mortality in patients with septic shock. We prospectively evaluated 175 patients aged over 18 years with septic shock upon intensive care unit (ICU) admission. However, 48 patients were excluded. Thus, 127 patients were enrolled in the study. At the time of the patients' enrollment, demographic information was recorded. Blood samples were taken within the first 24 hours of the patient's admission to determine serum PAD4 concentrations and its polymorphism PADI4_89 [rs11203366], PADI4_94 [rs2240340] and PADI4_104 [rs1748033]. The mean age was 63.3 AE 15.2 years, 56.7% were male, PAD4 concentration was 4.62 (2.48-6.20) ng/mL and the ICU mortality rate was 67.7%. The patients who died in the ICU had higher APACHE II and Sequential Organ Failure Assessment (SOFA) scores. In addition, PAD4 concentration was higher in patients who died during ICU stay. However, there were no differences regarding PADI4 polymorphisms and ICU mortality. In the logistic regression models, PAD4 concentrations were associated with ICU mortality when adjusted for APACHE II score and lactate (OR: 1.477; CI 95%: 1.186-1.839; P < .001), and when adjusted for age, gender and APACHE II score (OR: 1.392; CI 95%: 1.145-1.692; P < .001). In conclusion, PAD4 concentration, but not PADI4_89, PADI4_94 and PADI4_104 polymorphisms, is associated with ICU mortality in septic shock patients.
| INTRODUCTION
Sepsis and septic shock are considered major public health problems and the leading causes of mortality in intensive care unit (ICU) patients. 1 Nowadays, sepsis is characterized as a life-threatening organ dysfunction caused by a dysregulated host response to infection, in which both pro-inflammatory and anti-inflammatory mechanisms contribute to clearance of infection and tissue recovery on the one hand and organ injury and secondary infections on the other. 1 Thus, the study of pathways that modulate the inflammatory process could improve the current knowledge in sepsis physiopathology and identify potential therapeutic targets. In this scenario, the citrullination process has become a hot topic, and has been identified in several inflammatory diseases. 2, 3 Citrullination represents the calcium-dependent conversion of peptidylarginine to peptidylcitrulline, which is catalyzed by peptidylarginine deiminase (PAD) enzymes. This enzymatic conversion has an important role in immune system function and in gene regulation. 2, 3 In humans, there are five highly related calcium-dependent PADs, which have been designated as PADs 1-4 and PAD6. Among PAD isoforms, PAD4 is extremely important because it is present in different tissues, and it is the only PAD that is present in cell's nucleus. PAD4 consists of 663 amino acid residues with 74 kDa molecular weight. PAD4 participates in post-translational modifications of histones, one of the major focus areas of epigenetic research. 2, 4 Citrullination of histones, in particular histone H3, is one of the major points for inflammatory signals that trigger the neutrophil response to infections. [2] [3] [4] [5] Nevertheless, citrullinated histone H3 is also important in the development of neutrophils extracellular traps (NETs). 5, 6 It has been reported that elevated levels of NETs in the plasma may predict multiple organ dysfunction and sepsis in trauma patients. 6 The role of PAD in sepsis has been evaluated in some experimental studies. In these PAD4 inhibition was associated with improved survival. 5, 7, 8 Despite the importance of PAD4 in sepsis, the association between PAD4 concentration and mortality has not yet been evaluated in patients with septic shock. In addition, some polymorphisms have been found in human PADI4 gene. The PADI4 gene is located on the short arm of chromosome 1 at position 36.13 and functional polymorphisms, such as rs11203366, rs2240340 and rs1748033 have been associated with susceptibility to rheumatoid arthritis in different populations. However, the majority of these studies evaluated the relationship between PADI4 gene polymorphisms with rheumatoid arthritis development. 9, 10 Thus, the aim of our study was to evaluate the association between PAD4 concentration and its polymorphisms with mortality in patients with septic shock.
| MATERIALS AND METHODS
This prospective observational study is a subanalysis of a larger unpublished study, which evaluated the relationship between oxidative stress and mortality in patients with septic shock. The study was conducted from May 2014 to June 2015 in patients admitted to the ICU of our hospital. 
| PADI4 gene polymorphism
DNA was isolated from frozen blood samples performed with a method described elsewhere. DNA integrity was checked using a 1% agarose gel, whereas DNA concentration was measured performed with a Nanodrop 8000 spectrophotometer (Thermo Scientific, Waltham, MA, USA). The genotyping of the polymorphisms of the PAD4 gene rs11203366, rs2240340 and rs1748033 was performed by the TaqMan Open Array (Applied Biosystem, Foster City, CA, USA), following the manufacturer's instructions. 
| Serum PAD4 concentration
The serum levels of PAD4 were assessed using enzyme linked immunosorbent assay (ELISA), according to the manufacturer's instructions (Cloud-Clone Corp, Houston, TX, USA). The sensitivity of the assay was 0.137 ng/mL. The demographic and laboratory data are presented in Tables 1   and 2 . Patients who died in the ICU had higher APACHE II and SOFA scores. In addition, PAD4 concentration was higher in patients who died during ICU stay. However, there were no differences regarding PADI4 polymorphisms. In relation to laboratory data, lactate levels were higher in patients who died during ICU stay. Figure 2 ). In addition, haplotype had no statistically significant association with ICU mortality (data not shown), and PAD4 concentrations were not different between polymorphism genotypes.
| Statistical analysis
( Table 3 ).
In the logistic regression models, PAD4 concentrations were associated with ICU mortality when adjusted for APACHE II score and lactate (OR: 1.477; CI 95%: 1.186-1.839; P < .001), and when adjusted for age, gender and APACHE II score (OR: 1.392; CI 95%:
1.145-1.692; P < .001). (Table 4) .
It is interesting to observe that the results were the same even when we included the patients with serum PAD4 concentration below assay sensitivity, and set the value with the detection limit of the kit. (Data not shown).
| DISCUSSION
The objective of our study was to evaluate the association between PAD4 concentration and its polymorphisms with mortality in patients with septic shock. This study showed that PAD4 concentration was associated with ICU mortality in septic shock patients, independent of polymorphism genotype.
Septic shock is the major cause of death in ICU, and its incidence is increasing, reflecting aging populations and greater recognition. 1 In our study, 67.7% of the patients died during ICU stay. Although this F I G U R E 1 Flow diagram of studied patients with septic shock is a very high mortality rate, it is in accordance with the septic shock mortality observed in other studies in Latin America. 13, 14 As we already expected, the patients who died during ICU stay were more severely ill and had more organ dysfunction compared to those who survived.
In this scenario, a better understanding of sepsis physiopathology is important to identify new therapeutic targets. Excessive inflammatory response was considered for a long time as a landmark of sepsis. However, sepsis is now recognized to involve early activation of both pro-and anti-inflammatory responses. 1 Therefore, the modulation of the inflammatory response in sepsis is an attractive target for therapy and the citrullination process opens a new research avenue for study.
As we mentioned above, the citrullination of histones, in particular histone H3, is a post-translational modification that regulates gene expression and plays a critical role in NET development and in inflammatory and host defense response.
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This reaction is catalyzed by PAD4. The role of PAD4 in sepsis was only studied in experimental models of sepsis. Thus, these studies suggest that PAD4 inhibition could improve sepsis mortality through the reduction of circulating citrullinated histone 3 and NET development. NETs are composed of DNA, histones and microbicidal peptides, with the ability to kill some bacterial species. 15 The NETs immobilize and kill invading microorganisms to prevent their spreading. In addition to their host-protective role during infection, the excessive formation of NETs is associated with tissue damage and organ dysfunction, in many pathological conditions, such as sepsis. 16 Although circulating PAD4 could play a role in the pathogenesis of septic shock, PAD4 activity requires reducing conditions that could be meet only in the intracellular space. Thus, in this scenario, PAD4 could be interpreted as a marker of NETosis. 17, 18 The noteworthy finding in the present study was that higher PAD4 concentrations were associated with mortality in septic shock patients. This finding confirms experimental data, and encourages further studies with PAD4 inhibition in humans, including the use of GSK199 and GSK484, the first inhibitors with a strong preference for PAD4. 19 Importantly, PAD4 concentration remains associated with ICU mortality even when adjusted for age, gender and APACHE II score. It is worth mentioning that this is the first study to evaluate the role of PADI4 polymorphisms in patients with septic shock.
The onset and progression of rheumatoid arthritis has been associated with dysregulated PAD activity, most prominently PAD4. Some limitations of this study should be taken into account. We only included patients from a single center and our sample size was small. In addition, the only marker of inflammation that we measured was CRP. Nevertheless, we believe that our study added important data on inflammatory modulation pathways and its association with septic shock outcomes.
In conclusion, PAD4 concentration, but not its polymorphisms, is associated with ICU mortality in septic shock patients. 
ACKNOWLEDG EMENTS

CONFLI CT OF INTEREST
The authors confirm that there are no conflicts of interest. 
AUTHOR' S CONTRIBUTIONS
